drugs have in general proved to have much weaker effects on the pulmonary circulation than on the systemie cireulation. However, 5-hydroxytryptamine (5-HT) has been thought to be an exception because it causes a distinctive rise in the pulmonary vascular resistance both in intact animalsl'6 and in perfused lungs.7-10
Since this substance circulates in the human body, the possibility arises that 5-HT might control the pulmonary vascular resistance-a possibility strengthened by the observation that the concentration of the agent diminishes during its passage through the pulmonary vessels. 7 In the present study, this hypothesis was tested in 10 patients with normal hearts and minimal healed tuberculous lesions of the lungs.
Methods given in the form of the creatinine sulfate salt dissolved in 0.9 per cent saline. The doses specified in table 1 have been expressed in terms of base.
All of the subjects were in a fasting and basal state, and all were studied in the supine position. In 7 subjects the effects of continuous infusions of 5-HT were observed. For this purpose a doublelumen catheter with only 5-cm. distance between the openings was advanced until the proximal opening lay in the main pulmonary artery just beyond the pulmonic valve. 5-HT was administered by a constant-infusion pumllp via the side opening of the catheter, while measurements of pressure and samples of blood were obtained from the opening at the end. An indwelling needle in the right brachial artery provided a means of obtaining blood samples and measuring pressures in the systemic circulation.
The patient breathed air through a mouthpiece connected to an open breathing circuit. The pres- sures in the pulmonary and brachial arteries were measured 6, 8, and 10 minutes after the mouthpiece was inserted, and the cardiac output was ineasured by the Fick principle at the end of the ninth minute. Two niinutes later, the infusion of 5-HT was started. The pressures were measured after 2 and 4 minutes of infusion, and the cardiac output was measured after 5 minutes. The infusion was then stopped and in most of the patients after 3 minutes the pressures were measured again.
In 3 subjects, doses of 5-HT of 1, 2, and 4,ug. per Kg. were rapidly injected into the right atrium through a cardiac catheter. In these subjects a seeond catheter was placed in the pulmonary artery and the pressures in the pulmonary and brachial arteries were recorded during the injection.
Results
The results of the continuous infusions of 3-HT are presented in tables 1 and 2. Only 1 subject (M.M.) showed an unequivocal rise in pressure in the pulmonary artery during the infusion, which was accompanied by a rise in brachial arterial pressure. In another subject (L.Z.) there was some rise in both pulmonary and systemic arterial pressures during the second infusion. The most frequent response was a rise in pulse rate. There was no consistent alteration of cardiac output, ven- tilation, or arterial oxygen saturation. The oxygen uptake showed considerable variation; the respiratory quotient showed little change. The single rapid injections of 1 and 2 ,ug. per Kg. of 5-HT base into the right atrium of 2 subjects caused no alteration in the pressure in the pulmonary or brachial arteries. The rapid injection of 4 ,ug. per Kg. into the right atrium of the third subject had such profound effects that the study was discontinued (fig. 1.) .
Five seconds after injection, the subject started to cough. Between the ninth and twelfth seconds after the injection, there was no ventricular complex on the electrocardiogram and the pressure in both the brachial and pulmonary arteries fell greatly. During this 3-second interval, however, 1 P wave was *The symbols used in tables 1 and 2 are defined as fol]ows2": PA, pulmonary arterial pressure; BA, brachial arterial pressure; HR, heart rate; Q, cardiac output; VE, volume of gas expired per minute (BTPS); VO2, volume of oxygen taken up per minute (STPD); RE, respiratory exchange ratio; CaO2, arterial blood oxygen content; CVO2, mixed venous blood oxygen content; SaO2, arterial blood oxygen saturation; CAP02, arterial blood oxygen capacity.
recorded, which was associated with a pressure wave in the brachial and pulmonary arterial tracings. The period of asystole was followed by bradyeardia, which gave way to a tachycardia by the twentieth second after the injection. By this time, the pulmonary arterial pressure had risen to a figure of 27/16 mm. Hg from a control value of 19/8 mm. Hg and the pressure in the brachial artery had risen to such an extent that only the diastolic value was recorded. During the succeeding 4 minutes these pressures gradually returned to their normal values.
Circulation, Volume XXI, June 1960 Discussion The normal rate of excretion of 5-hydroxyindoleacetic acid in the urine is said to be 2-9 mg. per day,1' while patients with malignant careinoid may excrete up to 900 mg. per day. If the excretion is taken as a measure of the average rate of production of 5-HT in the body, it will be seen that the rates of infusion of 5-HT into the circulation in this present study were greatly in excess of its average physiologic rate of production but within the range found under pathologic conditions. At this rate of infusion, there was no con- sistent effect on the pressures ill the pulmonary or brachial artery. The on-e time unequivocal changes in pressure were recorded, they were observed both in the pulmonary and brachial arteries. We were not able, therefore, to find a dosage of the drug that would influence the pulmonary arterial pressure without altering the brachial arterial pressure. Although the rise in pulmonary artery pressure in subject M.M. was not accompanied by any change in cardiac output, it is not permissible to assume that it was due to an in-creased pulmonary vascular resistance in the absence of any knowledge of the left atrial pressure. This is more particularly so, since there was evidence of systemic vasoconstriction that might have displaced blood from the systemic to the pulmonary circulation.
Of the other functions measured, the constant infusion of 5-HT caused no consistent change in cardiac output, arterial oxygen saturation, or ventilation. The only consistent finding was that the heart beat a little more rapidly during the infusion.
These observations are different from those made bv Rudolph and Paul,5 who studied the effects of sustained infusion of 5-HT in dogs. These authors founid a 2-to 3-fold rise in the pulmonary arterial pressure with an eventual lowering of the systemic arterial pressure and a consistent rise in cardiac output averaging 60 per cent. The doses used by Rudolph and Paul were considerably greater than those used in these studies, the lowest rate of infusioni being 9 ,ug. per Kg. per ininute, the usual being 65 ,ug. per Kg. per minute of 5-HT base. Borst, Berglund, and McGregor,9 however, infused 5a-HT into 1 braneh of the pulmonary artery in dogs at a rate of 1 to 14.6 ,ug. of base per Kg. per minute and found unequivocal evidenee of an inereased vascular resistance in the lung to which the drug had been given at all levels of dosage. These observations suggest that there is a species difference in the response to this substanee.
Whether this differenee lies in the responsiveness of the pulmonary arteries has now beconme doubtful since the work of Kniseley, Wallace, and Addison,12 which appeared after our studies were completed. These authors showed by direct observation that the in- xlirs,inl nor-.mal dogs, that lil( reee__iVIed gangl-ion blocking aigents, caiused ai ri-se ini atrtrinl pr-essure. Ih)) these, atiid other experimients,I" these atuthors distingoitshed betweeu it dir~ect act on of 5 ITT oni the ar-terial vessels, which. causwd cons.tr-ictionl, and nIl. indirec vasodilator aIctionl of the, (11gue, to its 1)101) Th le rnceehanism luiidcr1 ying thle, t aelivea idia oblserved iii ou-r subjects is n-ot clear. It is teni1ptiog( to attribute such ani effect to an-alteration of the s'ensitivity of the baroreceeptors of the eatrotid sinus, dute to thie local action of 5lITr. TPheire is little experim-ental evidence ini favor of suc-h ani wt ion, however, exceipt for it report Ii>-G'ordon, MIaddy, an]( ILiptonl,22 thlat (litgthe infusion. of 04ITT, n1orepinlephrince cauEses a tftchN-calrdia instead of their sual Is it( 1 yeardtia. l-it anintals, ai qualitati-ve (liffereli.e hias been found( between the effects of shiort intratvenous, injections attd of continuous infusions of -i 5-HT.'5' 16 A single injection is followed by a rapid rise in the pulmonary arterial pressure. [1] [2] [3] [4] [5] [6] [7] The response of the systemic arterial pressure is more complex. Working with vago- tomized cats under chloralose, Reid' found that the intravenous injection of 5-HT caused an initial fall in the systemic arterial pressure followed by a rise and then a prolonged fall. The initial fall in systemic arterial pressure coincided with the rise in pulmonary arterial pressure and fall in left atrial pressure. After injection into a pulmonary vein, the initial fall in systemic arterial pressure was absent and the rise in pulmonary arterial pressure was slight and delayed. Reid therefore thought that the initial fall in Uystemic arterial pressure was caused by pulmonary vasoconstriction. Others7 reached a similar conclusion.
Comroe et al.,3 however, found that the rapid intravenous injection of 5-HT into cats with intact vagi under ehloralose caused bradyeardia, systemic hypotension, and apnea, such as is found in the Bezold reflex. In addition there was a rise in right ventricular pressure, which was interpreted as being due to pulmonary vasoconstriction. Atropine and vagotomy blocked the bradyeardia and hypotension but did not influence rises in right ventricular and vena eaval pressures. These authors found that the Bezold-like reflex could occur before the appearanee time of tracer substances in the aorta. The same reflex could also be elicited, however, by injections into the left ventricle or ascending aorta; it was concluded that receptors were stimulated in both the pulmonary and the coronary circulation.
The sequence of events in figure 1 indicates that the initial fall in brachial arterial pressure was tlre first change to occur; its rapid time of appearance after injection might be colnstrued as evidence of its reflex nature. The rise in pulmonary arterial pressure occurred later, when it was in fact accompanied by a rise in pressure in the brachial artery. This rise in pulmonary arterial pressure may have been due to a sustained increase in pulmonary vascular resistance or could have been caused by an increase in pulmonary blood volume arisinig from vasoconstriction in the systemic circulation. In this subject dilution curves of T 1824 injected into the right atrium may provide useful information about the mechanism underlying the cardiopulmonary events. In 3 such injections the average value for the appearance time of dye in the brachial artery was 7.5 seconds. Thus coughing, which started a seconds after the injection of 5-HT, presumably arose from receptors in the pulmonary circulation, while the bradyeardia and hypotensioii, which appeared at 9 seconds, could have been caused by a reflex arising from receptors in the coronary circulation. There was no respiratory record in this study, but the pulmonary and brachial artery pressure tracings show coughing only between the fifth and eighth second. Whether apnea occurred at the time of ventricular arrest is not known, but immediately thereafter respiratory fluctuations could be seen on the pressure tracings. Hollander, Michelson, and Wilkins,18 using rapid intravenous injections of 0.11 to 0.87 mg. of 5- HT base in man, noted a variable response in the systemic arterial pressure but nearly always a transient increase in the rate and depth of breathing. The pulmonary arterial pressure was not affected. They did not encounter any such alarming episode as occurred in our subject.
Summary
Continuous infusions of small quantities of 5-hydroxytryptamine (3-UT) were made into the pulmonary artery in 7 human subjects. In only 1 instance was there an unequivocal rise in pressure in the pulmonary artery and this was accompanied by a rise in brachial arterial pressure. The most consistent effect of the drug was to raise the heart rate. There was no effect on the cardiac output.
Single rapid injections of 5-HT were made into the right atrium in 3 other subjects. In 1 of these subjects the injection of 4 ,g. per Kg. caused transient ventricular arrest and systemic hypotension followed by a sustained rise in pressure in the pulmonary and brachial arteries. The results of this study were thought to indicate the presence of a Bezoldlike reflex. The rapid injection of 5-HT was therefore thought to be dangerous and the investigation was discontinued.
Summario in Interlingua
Continue infusiones de micre quantitates de 5hydroxytriptamina (5-HT) esseva effectuate in le arteria pulmonar de 7 subjectos human. Un augmento inequivoc del tension pulmono-arterial esseva constatate post ille tractamento in solmente un del casos, e hic le augmento del tenision pulmono-arterial esseva accompaniate de un augmento del tension brachioarterial. Le plus uniforme effecto del droga esseva le facto que illo augmentava le frequentia cardiac. Nulle effecto super le rendimento cardiac esseva notate.
Simple injectiones rapide de 5-HT esseva effectuate in le atrio dextere de 3 altere subjectos. In 1, le dose de 4 jug per kg de peso corporee causava un transiente arresto ventricular e hypotension systemie sequite per un perdurative augmento del tension in le arterias pulmonar e brachial. Es opinate que le resultatos de iste studio indica le presentia de un reflexo del typo Bezoltl. Isto significarea que le injection rapide de 5-HT es periculose. Per consequente le investigation esseva interrumpite.
